Background: There is little certainty as to the prevalence of frailty in Canadians in younger adulthood. This study examines and compares the prevalence of frailty in Canadians 18-79 years old using the Accumulation of Deficits and Fried models of frailty. Methods: The Canadian Health Measures Study data were used to estimate the prevalence of frailty in adults 18-79 years old. A 23-item Frailty Index using the Accumulation of Deficits Model (cycles 1-3; n = 10,995) was developed; frailty was defined as having the presence of 25% or more indices, including symptoms, chronic conditions, and laboratory variables. Fried frailty (cycles 1-2; n = 7,353) included the presence of ≥3 criteria: exhaustion, physical inactivity, poor mobility, unintentional weight loss, and poor grip strength. Results: The prevalence of frailty was 8.6 and 6.6% with the Accumulation of Deficits and the Fried Model. Comparing the Fried vs. the Accumulation of Deficits Model, the prevalence of frailty was 5.3% vs. 1.8% in the 18-34 age group, 5. 7% vs. 4.3% in the 35-49 age group, 6.9% vs. 11.6% in the 50-64 age group, and 7.8% vs. 20.2% in the 65+ age group. Some indices were higher in the younger age groups, including persistent cough, poor health compared to a year ago, and asthma for the accumulation of deficits model, and exhaustion, unintentional weight loss, and weak grip strength for the Fried model, compared to the older age groups. Conclusions: These data show that frailty is prevalent in younger adults, but varies depending on which frailty tool is used. Further research is needed to determine the health impact of frailty in younger adults.
Background
Frailty is linked to an increased risk of adverse health outcomes [1] [2] [3] [4] [5] and is characterized by reductions in physiologic reserve and a reduced ability to respond to stress [6] . Studies show that older adulthood is associated with a higher prevalence of frailty [4] . However, there is a paucity of evidence to determine if frailty can manifest at earlier ages [7] . Importantly, the scant evidence suggests that the relative risk of mortality in younger adults is associated more with frailty than age [7] . This poor health status even at a younger age could partially explain why many older adults thrive in their later years, while some younger adults fail to prosper. Indeed, aging is a heterogeneous process and chronologic age is not necessarily synonymous with an individual's health status. Even so, there is little evidence to determine if there are differences in which frailty criteria are present in younger versus older adults.
While it is generally accepted that frailty increases with age, the identification of frailty is a challenge due to the development of multiple measurement tools and lack of consensus of which tool is most valid and feasible to implement in healthcare [8] [9] [10] . Two widely used frailty measures are the Accumulation of Deficits model, which uses a Frailty Index (FI) to characterize frailty as a state, and the Fried model, which describes frailty as a medical syndrome [11, 12] . The Fried model is distinct from disability and co-morbidity, while the FI is often inclusive of these conditions [13, 14] . These frailty tools are commonly used in older adults with few investigations in younger populations [4, 9] . At present, there is a lack of a large scale comparison between the Fried and FI exists in a Canadian population that spans the the adult lifespan.
Determination of the prevalence of frailty across adult age groups in the Canadian adult population is important for healthcare providers and policymakers. If the prevalence of frailty in younger adults is significant, implementation of screening at younger ages should be considered. Furthermore, understanding frailty is essential so as to provide targeted interventions towards specific frailty criteria, which are shown to be effective [15] . Indeed, the identification of which health issues are driving frailty in younger and older age groups can help design more focused interventions.
The purpose of this study was to compare the prevalence of frailty between the FI and Fried criteria in a large Canadian adult population. A second objective was to identify and compare which components of each frailty tool were present across the different age groups.
Methods

Study design
We used the cross-sectional Canadian Health Measures Survey (CHMS) from three data collection cycles [16] .
Study population
The CHMS is a representative cohort of the Canadian population 3-79 years old (n = 16,019). The present study included those 18-79 years old from the 3 CHMS cycles. A stratified random sample, where 11 age-gender groups with 500-600 units per group were used. Sixteen sampling sites, with five strata were used: Atlantic Canada, Quebec, Ontario, the Prairies, and British Columbia. Residents from the three territories, Aboriginal settlements, Crown lands, institutionalized individuals, remote regions, and full-time members of the Canadian Forces were excluded from CHMS recruitment. These excluded populations represent approximately 4% of the Canadian adult population. Data were collected from March 2007 to December 2013 across the three CHMS cycles. Household interviews were used to collect information on demographics, socioeconomic status, housing characteristics, and health status. Physical and laboratory measurements were collected in a mobile examination center.
Ethics, consent and permissions
Ethical approval from our local research ethics board, Statistics Canada, Health Canada and the Public Health Agency of Canada was received for to access the CHMS datasets. Informed written consent was obtained from participants [16] .
Measurement and outcomes
Accumulation of deficits
The Accumulation of Deficits Model uses an FI to capture frailty based on the presence of signs, symptoms, laboratory values, chronic conditions, and disabilities. An FI was not developed in the three CHMS cycles; therefore, one was constructed using previously published guidelines [14] . Variables within the FI should increase with age, be associated with poor outcomes, cover a range of physiological systems, cannot be uncommon (<1%) or common (>80% by age 80), and more than 5% of variables cannot be missing for an individual. The FI is the ratio of health problems within the index. For example, someone with 6/23 deficits would score 0.26. A 23-item FI was created based on self-reported and laboratory-based variables (Additional file 1: Table S1 ). While it is recommended that an FI should have 30 variables, we chose a smaller FI due to a large number of missing laboratory variables. Previous studies have used fewer than 30 variables (as low as 15) and are associated with poor outocmes [17] [18] [19] . All variables were re-coded as a 0 (absence of deficit) or 1 (presence of deficit). A person was deemed frail in the present study if they scored 0.25/1 or higher on the FI [20] .
Fried frailty
The first two CHMS cycles had variables to capture frailty using the Fried model (n = 7,599). Fried frailty is identified based on the presence of three or more of the following: poor grip strength, slow gait speed, unintentional weight loss, exhaustion, and physical inactivity [11] Grip strength and unintentional weight loss in CHMS were measured in the same way as the original Fried frailty criteria. We modified the remaining variables using CHMS variables that were related to the original measure. Modification to the Fried methodology has been used previously and modified Fried frailty tools are similarly associated with health outcomes [21] [22] [23] . We used mobility issues as a proxy for gait speed, where participants self-reported the level of support needed to be mobile. Exhaustion was gauged by the question, "How often do you find it difficult to stay awake during your normal waking hours when you want to?" Physical activity levels were assessed with the CHMS Physical Activity Index, which codes participants based on level of activity. See Additional file 1: Table S2 for scoring of the Fried criteria.
Statistical analysis
We evaluated differences in descriptive variables between CHMS cycles, age groups, and frailty classifications using the t-test, Mann-Whitney U-test, one-way analysis of variance, and the Kruskall Wallace test as appropriate for continuous variables and the Chi-square test or Fisher's exact test for categorical variables. Sampling weights provided by Statistics Canada were used to account for survey representativeness and nonresponse [24] . Agreement between the FI and the Fried model was assessed using the Kappa statistic. To attenuate bias as a result of missing data and due to the relatively high probability of missing one of the 23 variables in the FI, we used multiple imputations. All analyses were carried out using SAS Version 9.4 (SAS Institute, Cary, North Carolina).
Results
Study cohort and participant characteristics
The response rates of participants after being approached to participate in CHMS cycles 1, 2 and 3 was 51.7, 55.5, and 51.7%, respectively. For the FI, 2091 had missing questionnaire data, and 2933 had missing laboratory values across the final included sample of 10,955 individuals. For the Fried model, 120 and 126 participants had missing self-report and handgrip strength data, respectively. This resulted in 7353 participants to estimate frailty based on the Fried model.
The participant characteristics across CHMS cycles can be viewed in Additional file 1: Table S3 and include the FI measures used in this study. Participants were middle-aged (~45 years old), 49% were female, and reported being in good health. Across the CHMS cycles, there were statistically significant differences for most of the laboratory values, although not necessarily clinically significant.
Prevalence of frailty Total prevalence
The prevalence of frailty was 7.6% using the FI (Table 1) . Frail participants were approximately 14 years older than non-frail participants (p < 0.001) but males and females were equally likely to be frail. Significant differences between frail and non-frail participants were found for all FI variables except for resting heart rate and diastolic blood pressure.
The prevalence of frailty with the Fried criteria was 6.2%. On average frail participants were 3 years older than their non-frail peers (p = 0.006). Females were more likely to be frail compared to males (p < 0.001). Among the health-related variables, significant differences between frail versus non-frail individuals were found for the majority of values except asthma, liver disease, systolic blood pressure, estimated glomerular filtration rate, and phosphate (Table 1) . A comparison of the frequency of individual Fried frailty criteria was made between frail and non-frail participants ( Table 2 ). The most prevalent frailty criteria were exhaustion and physical inactivity.
Frailty prevalence across age groups
A comparison of frailty prevalence across age categories and between frailty measures within the first two CHMS cycles can be viewed in Fig. 1 In individuals who were deemed as frail using the FI, the proportion of those with or without each component of the FI were compared (Table 3) . Data was censored for stroke, heart disease, and chronic obstructive pulmonary disease due to the low prevalence in the 18-49 age group. The older age groups tended to have a higher prevalence of individual frailty variables. There were no differences for gender, thyroid problems, kidney dysfunction, poor self-perceived health, liver disease, and trouble sleeping across age groups. There was a significantly higher prevalence of persistent cough, poor selfperceived health compared to 1 year ago, and asthma in the younger compared to the older age groups.
The individual Fried frailty criteria among frail participants across age categories were compared (Table 4) . Data was not released from the Research Data Center for physical activity and were censored due to almost 100% of participants being classified as inactive by the Physical Activity Index. The prevalence of poor mobility based on the Fried criteria increased in the older age groups. The prevalence of exhaustion, unintentional weight loss, and weak grip strength were higher in the younger age groups compared to the 65+ group.
Discussion
In this representative study of Canadian adults 18-79 years old, the overall prevalence of frailty was 6.6% using a modified Fried model and 7.6% using a FI. Frailty was more common in older individuals, but the prevalence in each age category differed depending on the model used [11, 12] . When the frail only participants were examined, the prevalence of individual frailty criteria differed between the younger and older age groups (Tables 3 and 4 ). These findings suggest that frailty can be prevalent at any age and may present differently in younger versus older adults.
The findings of previous studies using older cohorts demonstrate that the prevalence of frailty is higher with the FI versus the Fried criteria are further supported by the present study [4, [25] [26] [27] . Similarly, in a systematic review, the prevalence of frailty was 12% using the Fried model and 24% using the Accumulation of Deficits Model in community-dwelling adults 65 years or older [4] . In addition, our findings are similar to those in the Canadian National Population Health Survey which showed an increase in the prevalence of frailty from 2 to 22% in those aged younger than 30 and 65 years or older, using an FI [7] . Our findings indicate that frailty generally was not significantly different between males and females (except for the Fried frailty model amongst the entire cohort), which contrast previous studies [28] [29] [30] [31] . It is possible that included health deficits, which captured mostly chronic conditions and laboratory values, may underestimate frailty in women. For example, women tend to have higher rates of depression and anxiety [32] , which were excluded in the FI in the present study. Furthermore, some of the chronic conditions within the FI tend to develop later in life in women (e.g., cardiovascular diseases) -given our relatively young sample, this could be another possible explanation for the mostly non-significant findings in frailty prevalence between men and women. The agreement between the two frailty measures in our study was low, which is common when comparing frailty scales. In fact, eight frailty scales were compared in the Survey of Health, Ageing and Retirement in Europe cohort, which included the FI and Fried criteria, showed that all the scales categorized less than 3% of participants as frail [27] . Although there was a higher agreement between the FI and the Fried criteria in that study compared to the present study, our inclusion of a younger cohort compared to the aforementioned study could account for this difference. There is also a possibility that the two frailty measures used in this study could be capturing groups of individuals who may or may not be vulnerable to poor health outcomes, which needs to be explored in further studies.
The evidence generated from our study indicates that it is feasible to measure frailty in younger adults. Further research is needed to explore the feasibility and value of frailty screening for adults of all ages [33] . However, given the paucity of evidence describing the prevalence and health impact of frailty in younger adults, it is still too early to recommend frailty screening in this age group. Possible benefits to frailty screening, at least in the older population, is providing additional risk assessment for those requiring invasive procedures. For example, frailty is shown to increase one's risk for postoperative cardiac-surgical outcomes [3] ; identifying someone who is frail could lead to more conservative approaches (e.g., trans-catheter aortic valve replacement) that could help maximize a frail older adult's quality of life. On the other hand, frailty screening could lead to incorrectly identifying someone as frail who is not and might result in withholding beneficial treatments in favor of more conservative approaches.
Considering that our data shows that younger adults (18+) can be frail, it warrants future investigation to provide clarity as to whether frailty similarly impacts poor health outcomes in the young versus the old. More specifically, further research is needed to determine the prevalence of frailty, its potential health impact in the young, and whether frailty in younger age groups is associated with the use of more healthcare resources, as compared to their non-frail peers. While both the FI and Fried criteria are predictive of mortality in older adults [4] , our study warrants that studies should be conducted to determine the health impact of frailty in younger age cohorts, and which tool could be used to most accurately assess their future health risk. Evidence suggests that the FI has better prognostic ability for predicting mortality in older adults than the Fried criteria in the short to medium term [27, 34] , but to our knowledge, there has been no comparison of their prognosis in younger adults. This nascent evidence must be strengthened, with further investigation needed in younger population-based cohorts.
In order to determine the health impact of frailty in younger populations, proponents of research in frailty should consider linking CHMS data with administrative health databases. Furthermore, while the FI is suggested to provide better prognostication than the Fried model in older adults [34] , it is unclear if the FI or Fried criteria (or other frailty tools) have better predictive validity for determining adverse outcomes in younger adults. Our data also show that the Fried model estimated a higher frailty prevalence in the 18-34 age group (5.3%) compared to the FI (1.8%), which needs further exploration. Among the individual Fried frailty criteria, it is interesting that approximately half of the younger cohorts scored positive on exhaustion and unintentional weight loss which suggests that targets to prevent or treat frailty might differ compared to the older age groups with an increasing prevalence of impaired mobility. Collectively, the evidence base of frailty in younger age groups must be strengthened. 
Strengths and limitations
The data presented are from a large representative sample of over 95% of the adult Canadian population who are 18-79 years old. In addition, this study investigated the prevalence and factors associated with frailty in younger adults, a population that has previously not been studied in detail. Our data suggest that frailty is not synonymous with chronologic age, and younger adults who are already frail could place a significant burden on the healthcare system. This study investigated the prevalence of frailty using two of the multiple frailty instruments available [8] [9] [10] . The two frailty tools used in this study are the most widely used in previous studies.
There are limitations with this study. Due to a significant number of missing laboratory variables, the decision was made to exclude a number of variables from the FI. Thus, the number of FI variables in the present study was reduced, potentially affecting criterion and external validity. The individual FI variables in this study also mostly cover a range of chronic conditions rather than a range of other domains, including cognitive, psychological, or functional domains, which could potentially impact the prevalence of frailty in our study. This was in part due to maximizing our sample size. Despite lacking those domains in the present study, the prevalence of frailty across age groups matched well with a previous Canadian study in adults across the lifespan [7] . Also, we used multiple imputation to maximize the sample size, which may have skewed our results. We also modified the Fried criteria based on the variables available in the CHMS cohort. Many of the younger age groups screened positive for exhaustion (52.9%), physical inactivity (almost all), and unintentional weight loss (48.1%) with the Fried model. Therefore, it is possible that the high rates of these modified Fried criteria could have overestimated frailty status in the younger age groups. Much like the differences in prevalence estimates when comparing the FI and Fried frailty model, modifications to the Fried frailty model can significantly impact the estimated prevalence of frailty (13-28%) [35] . However, previous studies show that a modified Fried criteria is associated with adverse events [26, 27, 36] . Lastly, we dichotomized participants into frail versus not frail, where some important information might be lost, such as the severity of frailty.
Conclusion
Our study found that frailty is prevalent at any adult age. In addition, the prevalence of frailty differed between the FI and Fried models and the prevalence was higher in the younger age categories using the Fried model. As well, the prevalence of components of frailty was different in younger age groups as compared with older age groups. Future studies should investigate the factors that drive frailty in younger adults, the utility of screening for frailty in the younger adult population, and whether interventions can improve frail status and associated outcomes across the adult lifespan.
Additional file
Additional file 1: Table S1 . Components of the frailty index and how they are scored. Table S2 . Components of the Fried frailty components and how they are scored. 
